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Ectomycorrhizae were formed by pond pine after 4 months in monoxenic culture with Amanita mus- 
caria, Cenococcum graniforme, Laccaria laccata, Pisolithus tinctorius, Suillus brevipes, S. cothurnatus, 
S. granulatus, S. hirtellus, and S. pictus. Phylloporus rhodoxanthus formed a fungal mantle but no Hartig 
net. Macroscopic characteristics which were used for distinguishing among species of fungi forming 
ur in this study were type of branching, color of mycorrhizae, and production of rhizomorphic 
strands. 
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(Pinus serotina). Can. J. Bot. 50: 1003-1007. 


Apres quatre mois en culture monoxénique, Pinus serotina Michx. a formé des ectomycorrhizes avec 
Amanita muscaria, Cenococcum graniforme, Laccaria laccata, Pisolithus tinctorius, Suillus brevipes, S. 
cothurnatus, S. granulatus, S. hirtellus et S. pictus. Phylloporus rhodoxanthus a formé un manchon mycé- 
lien mais pas de réseau de Hartig. Dans cette étude, les caractéristiques macroscopiques qui ont été 
utilisées pour distinguer les différentes espéces de champignons formant des mycorrhizes ont été le type 
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de ramification, la couleur des mycorrhizes et la production de cordons mycéliens. 


Introduction 


Although ectomycorrhizal associations have 
been reported for many species of Pinus, Trappe 
(1962) listed only one fungus, Cenococcum 
graniforme (Sow.) Ferd. & Winge, as forming 
mycorrhizae with pond pine (Pinus serotina 
Michx.). In contrast the mycorrhizal associa- 
tions of other two- and three-needle pines have 
received a great deal of attention (Trappe 1962). 
Since Trappe’s compilation, investigations of 
mycorrhizal associations of southern species 
of two- and three-needle pines have continued 
but no research has been done on pond pine 
mycorrhizae (Zak and Bryan 1962; Marx and 
Zak 1965; Marx and Bryan 1969, 1970; Marx, 
Bryan, and Grand 1970; Marx, Bryan, and 
Davey 1970). 

The objectives of this study were (1) to deter- 
mine the capacity of selected fungi to form 
ectomycorrhizae with Pinus serotina in monox- 
enic culture and (2) to provide descriptions of 
mycorrhizae to aid in possible classification and 
identification of fungal symbionts in future 
research. 


1Portion of a thesis submitted by the senior author in 
partial fulfillment of the requirements for the Master of 
Science degree in the Department of Plant Pathology. 
Paper No. 3623 of the Journal Series of the North 
Carolina State University Agricultural Experiment Sta- 
tion, Raleigh, North Carolina. 


Methods and Materials 


Culture of Fungi 

The fungi used in this study were Amanita muscaria 
(L. ex Fr.) Pers. ex Hooker: Grand 696; Cenococcum 
graniforme (Sow.) Ferd. & Winge: Marx M-347; Laccaria 
laccata (Scop. ex Fr.) Berk. & Br.: Zak 87, 88; Phylloporus 
rhodoxanthus (Schw.) Bres.: Grand 1283; Pisolithus tinc- 
torius (Pers.) Coker & Couch: Marx 79; Suillus brevipes 
(Peck) Kuntze: Grand 413; Suillus cothurnatus Singer: 
Grand 1386; Suillus granulatus (L. ex Fr.) Kuntze: 
Grand 1263; Suillus hirtellus (Peck) Kuntze: Grand 1407; 
Suillus pictus (Peck) Smith & Thiers: Grand 1255. Name 
and number following each species refers to isolate num- 
ber of collector. Additional information is given in 
Results section. All isolates were kept at room tempera- 
ture on either Hagem’s nutrient agar medium as modified 
by Modess (1941) or modified Melin-Norkrans (MMN) 
agar medium (Marx 1969). 


Monoxenic Culture of Mycorrhizae 

The procedure for monoxenic culture of mycorrhizae 
used in this study was that recommended by Hacskaylo 
(1953) and modified by Marx and Zak (1965). Sixty cubic 
centimeters of peat moss and 840 cm3 of vermiculite were 
mixed thoroughly in a 2-quart mason jar. Six hundred 
milliliters of Melin-Norkrans nutrient solution (Norkrans 
1949) were added to each jar. A glass tube, 15 mm in di- 
ameter and 70mm in length, was plugged with cotton 
and inserted through the jar lid to allow gaseous exchange. 
The exposed end of the tube was covered with a loosely 
fitting aluminum cap to prevent accumulation of dust 
particles on the cotton. Jars were autoclaved at 121C at 
15 psi for 30 min, then autoclaved again for 30 min 24h 
later. 

Discs 20 mm in diameter were cut with a sterile cork 
borer from the edge of 14-day-old mycelial cultures. Two 
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discs buried in the substrate of each jar served as inocu- 
Jum. Aluminum foil was placed around the outside of the 
jar to the height of the substrate to minimize light 
penetration. Culture jars were stored in the laboratory 
2 to 4 weeks before planting. 

Pond pine seeds were obtained from the North Carolina 
State Forest Service. Seeds were surface-disinfested with 
31.3% hydrogen peroxide for 30min and placed on 
potato dextrose agar in petri plates (five seeds /plate). 
Germinating seeds with no visible contaminants and 
radicles about 10 mm long were planted in the prepared 
jars and incubated for 2 weeks under artificial light for 
observations of possible contamination. Uncontaminated 
jars were placed in a growth chamber in the Southeastern 
Plant Environment Laboratory at North Carolina State 
University. Growth chamber conditions were adjusted 
for a 12-h light cycle at a maximum temperature of 28C 
and a minimum of 18C during the dark period. The light 
intensity in the chamber was 4500 ft-c. After 4 months the 
experiment was terminated and the roots examined for 
mycorrhizae. 

Apparent mycorrhizae were fixed in weak formalin — 
acetic acid fixative, dehydrated using Johansen’s tertiary 
butyl alcohol series at half-dilution steps, infiltrated with 
paraffin, and sectioned at 8 u. After affixing to slides with 
Haupt’s adhesive, the sections were stained using the 
standard safranin ~ fast green staining procedure (Johan- 
sen 1940). 


Results 


All fungi used in this study formed ectomycor- 
rhizae except Phylloporus rhodoxanthus and 
isolate 87 (Zak) of Laccaria laccata. 

The mantles of all mycorrhizae consisted of 
compact layers of individual hyphae. Hartig 
nets were well developed in most of the mycor- 
rhizae with hyphae penetrating to the endo- 
dermis. Cenococcum graniforme apparently pene- 
trated only the outer two layers of cortical cells. 
Rhizomorphic strands were composed of paral- 
lel hyphae except for those formed by Amanita 
muscaria. Rhizomorphic strands produced by 
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A. muscaria were composed of differentiated 
globose cells. All fungi, except P. rhodoxanthus 
and Suillus pictus, formed rhizomorphic strands 
in culture. 


Ectotrophs Formed in Monoxenic Culture 
Pinus serotina/ Amanita muscaria (L. ex Fr.) 
Pers. ex Hooker: Grand 696; N.C. State 
University Mycological Herbarium. 
Figs. 1-3 
Macroscopic features—Mycorrhizae of two 
types: (1) smooth, white and (2) same color as 
uninfected roots with dense white hyphae around 
the mycorrhizae but not emanating from it. 
Branching habits simple, bifurcate, quadrifur- 
cate, and coralloid. Individual mycorrhizae 
1.4-3.6 mm long by 0.2-0.5mm in diameter. 
Rhizomorphic strands abundant, white, branch- 
ed, 160-240 u wide, appressed to root surface. 
Microscopic features—Mantle 8-133 u thick. 
Mantle hyphae 3-8 u in diameter. Hartig net 
hyphae 3-5 u in diameter; cortical cells of host 
separated by one layer of hyphae. Clamp con- 
nections observed on loose hyphae surrounding 
the mantle. Rhizomorphic strands entangled at 
the base of the mycorrhizae and composed of 
differentiated cells unlike the undifferentiated 
hyphal cells of the rhizomorphic strands of 
other fungi used in this study. 
Pinus serotina |Cenococcum graniforme (Sow.) 
Ferd. & Winge: Marx M-347; United States 


Forestry Sciences Laboratory, Athens, 
Georgia. 
Macroscopic features—Mycorrhizae black, 


densely tomentose with emanating hyphae and 
rhizomorphic strands. Branching habits simple 
and bifurcate. Individual mycorrhizae 0.5-2 mm 


Fics. 1-7. Pinus serotina (pond pine) mycorrhizae. Figs, 1, 2. Mycorrhizae formed by Amanita muscaria 
(X 3). Fig. 3. Longitudinal section of mycorrhiza formed by A. muscaria (ca. X 400). Fig. 4. Mycorrhizae 
formed by Laccaria laccata (X 3). Fig. 5. Longitudinal section of mycorrhiza formed by L. laccata (ca. X 400). 
Fig. 6. Mycorrhizae formed by Pisolithus tinctorius (X 3). Fig. 7. Longitudinal section of mycorrhiza formed 


by P. tinctorius (ca. X 400). 


Fics. 8-13. Pinus serotina (pond pine) mycorrhizae. Fig. 8. Mycorrhizae formed by Suillus brevipes (X 3). 
Fig. 9. Longitudinal section of mycorrhiza formed by S. brevipes (ca. X 400). Fig. 10. Mycorrhizae formed 
by Suillus cothurnatus (X 3). Fig. 11. Longitudinal section of mycorrhiza formed by S. cothurnatus (ca. 
X 400). Fig. 12. Mycorrhizae formed by Suillus granulatus (X 3). Fig. 13. Longitudinal section of mycorrhiza 


formed by S. granulatus (ca. X 400). 


Fics. 14-17. Pinus serotina (pond pine) mycorrhizae. Fig. 14. Mycorrhizae formed by Suillus hirtellus (X 3). 
Fig. 15. Longitudinal section of mycorrhiza formed by S. hirtellus (ca. X 400). Fig. 16. Mycorrhizae formed 
by Suillus pictus (X 3). Fig. 17. Longitudinal section of mycorrhiza formed by S. pictus (ca. X 400). FIG. 18. 
Mycorrhiza-like roots of pond pine formed with Phylloporus rhodoxanthus (X 3). Fic. 19. Longitudinal 
section of mycorrhiza-like root formed by P. rhodoxanthus (ca. X 400); note fungus mantle but lack of 


Hartig net formation, 
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long by 0.2-0.3 mm in diameter. Rhizomorphic 
strands abundant, black, unbranched, 120- 
400 u wide. 

Microscopic features—Mantle 11-40 wide. 
Mantle hyphae 3-5 p in diameter. Hyphae form- 
ing Hartig net 3-5 p in diameter; cortical cells 
of host separated by one layer of hyphae. 
Clamp connections not observed on loose 
hyphae or rhizomorphic strands. 


Pinus serotina/Laccaria laccata (Scop. ex Fr.) 
Berk & Br.: Zak 88; United States Forestry 
Sciences Laboratory, Corvallis, Oregon. 

Figs. 4, 5 

Macroscopic features—Mycorrhizae same 
color as root, densely tomentose with loose white 
surface hyphae and rhizomorphic strands. 
Branching habits simple, bifurcate, and coral- 
loid. Individual mycorrhizae 1.2-3.5 mm long 
by 0.3-0.5mm in diameter. Rhizomorphic 
strands infrequent, white, branched, 8-13 u 
wide. 

Microscopic features—Mantle 32-93 u thick. 
Mantle hyphae 3-Sp in diameter. Hyphae 
forming Hartig net 3-5 u in diameter; cortical 
cells of host separated by one to three layers of 
hyphae. Clamp connections observed on loose 
hyphae and on hyphae composing rhizomorphic 
strands. 


Pinus serotina/Pisolithus tinctorius (Pers.) 
Coker & Couch: Marx 79; United States 
Forestry Sciences Laboratory, Athens, 
Georgia Figs. 6, 7 

Macroscopic features—Mycorrhizae golden 
brown, tomentose with loose surface hyphae and 
rhizomorphic strands. Branching habits simple, 
bifurcate, and coralloid. Individual mycorrhizae 
0.6-3.2mm long by 0.4-0.5mm in diameter. 
Rhizomorphic strands frequent, golden brown, 
branched, 13-37 u wide. 

Microscopic features—Mantle 24-105 p thick. 
Mantle hyphae 3-5u in diameter. Hyphae 
forming Hartig net 3-5 u in diameter; cortical 
cells of host separated by one layer of hyphae. 
Clamp connections observed on loose hyphae 
surrounding the mantle and on hyphae com- 
posing rhizomorphic strands. 


Pinus serotina/ Suillus brevipes (Peck) Kuntze: 
Grand 413; N.C. State University Mycolog- 
ical Herbarium. Figs. 8, 9 

Macroscopic features—Mycorrhizae same 
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color as root, tomentose from loose white sur- 
face hyphae and rhizomorphic strands. Branch- 
ing habits bifurcate, quadrifurcate, and coral- 
loid. Individual mycorrhizae 1-2 mm long by 
0.4-0.5 mm in diameter. Rhizomorphic strands 
abundant, white, branched, 8-18 u wide. 

Microscopic features—Mantle 18-61 u thick. 
Mantle hyphae 3-Sp in diameter. Hyphae 
forming Hartig net 3-5 u in diameter; cortical 
cells of host separated by one layer of hyphae. 
Clamp connections observed on loose hyphae 
surrounding the mantle. 


Pinus serotina/Suillus cothurnatus Singer: 
Grand 1386; N.C. State University Myco- 
logical Herbarium. Figs. 10, 11 

Macroscopic features—Mycorrhizae same 
color as root, with loose white surface hyphae 
and rhizomorphic strands. Branching habits 
simple, bifurcate, quadrifurcate, and coralloid. 
Individual mycorrhizae 0.5-1.5 mm long by 
0.2-0.4 mm in diameter. Rhizomorphic strands 
abundant, white, branched, 8-21 u wide. 

Microscopic features—Mantle 18-74 u thick. 

Mantle hyphae 3-5h in diameter. Hyphae 
forming Hartig net 3-5 u in diameter; cortical 
cells of host separated by one layer of hyphae. 
Clamp connections observed on loose hyphae 
surrounding the mantle. 


Pinus serotina/Suillus granulatus (L. ex Fr.) 
Kuntze; Grand 1263; N.C. State University 
Mycological Herbarium. Figs. 12, 13 

Macroscopic features—Mycorrhizae same 
color as root, tomentose with loose white surface 
hyphae and rhizomorphic strands. Branching 
habits simple, bifurcate, quadrifurcate, and 
coralloid. Individual mycorrhizae 0.8-2.2 mm 
long by 0.3-0.6 mm in diameter. Rhizomorphic 
strands abundant, white, branched, 16-21 u 
wide. 

Microscopic features—Mantle 13-63 u thick. 
Mantle hyphae 3-5p in diameter. Hyphae 
forming Hartig net 3-8 u in diameter; cortical 
cells of host separated by one layer of hyphae. 
Clamp connections not observed. 


Pinus serotina/ Suillus hirtellus (Peck) Kuntze: 
Grand 1407; N.C. State University Myco- 
logical Herbarium. Figs. 14, 15 

Macroscopic features—Mycorrhizae of same 

color as root, densely tomentose with loose white 
hyphae and rhizomorphic strands. Branching 
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habits simple, bifurcate, and coralloid. Individ- 
ual mycorrhizae 0.8-2 mm long by 0.3-0.5 mm 
in diameter. Rhizomorphic strands abundant, 
white, branched, 16-21 wide. Hyphae forming 
Hartig net 3-5 u in diameter; cortical cells of 
host separated by one layer of hyphae. Clamp 
connections not observed. 


Pinus serotina/ Suillus pictus (Peck) Smith & 
Thiers: Grand 1255; N.C. State University 
Mycological Herbarium. Figs. 16, 17 

Macroscopic features—Mycorrhizae same 
color as root, sparingly tomentose with emanat- 
ing white hyphae. Branching habits bifurcate, 
quadrifurcate, and coralloid. Individual mycor- 
rhizae 0.6-2.8 mm long by 0.3-0.6 mm in diam- 
eter. Rhizomorphic strands not observed. 

Microscopic features—Mantle 13-105 p thick. 

Mantle hyphae 3-5 in diameter. Hyphae 
forming Hartig net 3-5 u in diameter; cortical 
cells of host separated by one or two layers of 
hyphae. Clamp connections not observed. 

Phylloporus rhodoxanthus induced simple, 

bifurcate, and coralloid branching of short roots 
with branches 2-9 mm in length and 0.5-1 mm 
in diameter (Fig. 18). Mycorrhiza-like branches 
are sparingly tomentose with loose hyphae but 
no rhizomorphic strands. A mantle, varying in 
width from 8 to 26 u, was observed but no Hartig 
net was observed (Fig. 19). 


Discussion 


Amanita muscaria, Cenococcum graniforme, 
Laccaria laccata, Pisolithus tinctorius, Suillus 
brevipes, S. cothurnatus, and S. hirtellus have 
been previously reported to form ectomycor- 
rhizae with a number of different species of 
two- and three-needle pines (Trappe 1962; Marx 
and Zak 1965; Grand 1968; Marx and Bryan 
1970; Marx et al. 1970). The formation of ecto- 
mycorrhizae by these same fungi with pond 
pine suggests that fungi responsible for mycor- 
rhizal formation with other species of two- and 
three-needle pines are also responsible for the 
formation of mycorrhizae with pond pine. 

Although Suillus pictus and S. granulatus have 
been reported to form ectomycorrhizae in 
monoxenic culture with species of two- and 
three-needle pines (Trappe 1962) and in this 
paper, studies of basidiocarp-tree associations 
in nature strongly suggest these fungi form ecto- 
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mycorrhizae primarily with species of five- 
needle pines (Smith and Thiers 1971; Snell and 
Dick 1971; Grand 1970). It is probable that 
species of Suillus have an inherent capacity to 
form ectomycorrhizae with most species of 
Pinus, at least under the monoxenic culture 
conditions used in this study and by most re- 
searchers in this field. However, these results do 
support the contention that the lack of basidio- 
carp association with a tree species does not 
preclude formation of mycorrhizae by the 
fungus with that species, 

The formation of a mantle but not a Hartig 
net by Phylloporus rhodoxanthus leads to inter- 
esting speculation on this form of relationship. 
It would be of interest to determine if this struc- 
ture functions as a true mycorrhiza. However, 
there is the possibility that the Hartig net would 
have formed if the seedlings were allowed to 
develop longer than 4 months. This situation of 
only a mantle emphasizes the importance of 
microscopic examination of suspected mycor- 
rhizae. 

The failure of Laccaria laccata (isolate Zak 87) 
to form mycorrhizae is thought to be due to the 
age of the isolate, which had been kept in culture 
since 1958. It is possible that this isolate, through 
frequent subculturing and mutation and (or) 
genetic selection, lost the capacity to form 
mycorrhizae. 
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